£ x
S/

Risk and Exposure Assessment for Review

of the Secondary National Ambient Air Quality
Standards for Oxides of Nitrogen and Oxides
of Sulfur

First Draft, Chapters 1-6



[This page intentionally left blank.]



EPA-452/P-08-005a
August 2008

RISK AND EXPOSURE ASSESSMENT FOR REVIEW OF THE SECONDARY
NATIONAL AMBIENT AIR QUALITY STANDARDS FOR OXIDES OF NITROGEN
AND OXIDES OF SULFUR

FIRST DRAFT, CHAPTERS 1-6

U.S. Environmental Protection Agency
Office of Air Quality Planning and Standards
Research Triangle Park, NC



Disclaimer

DISCLAIMER

This draft document has been prepared by staff from the Health and Environmental
Impacts and Air Quality Analysis Divisions of the Office of Air Quality Planning and Standards,
and the Clean Air Markets Division, Office of Air Programs, U.S. Environmental Protection
Agency. Any opinions, findings, conclusions, or recommendations are those of the authors and
do not necessarily reflect the views of EPA. This document is being circulated to obtain review
and comment from the Clean Air Scientific Advisory Committee (CASAC) and the general
public. Comments on this draft document should be addressed to Dr. Anne Rea, U.S.
Environmental Protection Agency, Office of Air Quality Planning and Standards, C539-02,
Research Triangle Park, North Carolina 27711 (email: rea.anne@epa.gov).

DRAFT i August 2008



Table of Contents

TABLE OF CONTENTS
DISCIAIMET ...ttt et e b e ettt s a e et e sbe e st e eabeebeesaneens 11
Acronyms and ADDIEVIATIONS ........eeeiiieiiiiieiiiieiiieeceeeeieeesteeesteeeaeeesteeeseseeesaeessseeessseessseessseeans X
Y TOIIMIS ...ttt ettt e ettt e ettt e e ettt e s e bbb e e e esbaeeeseabteeeeaabaaeens X1
L INEEOAUCTION ...ttt ettt et et sat e ettt sateenbeesaees I-1
1.1 Rationale and Background for joint reVIEW ..........c.ceeceeeiciiieiiieeieecee e 1-1
L2 HISTOTY ettt ettt ettt et ettt e bt e e st e et e e saeeenbeentee e st e enbeeaneennaeenne 1-5
1.2.1 History of the Secondary NO; NAAQS......coooiiiiiiiieeeeee e 1-5
1.2.2 History of the Secondary SO; NAAQS .....oooiiiiiiiieieee et 1-6
1.2.3 History of Related Assessments and Agency ACtionsS..........ccceeeveereverveeneenne. 1-7
1.3 Scope of the Risk and Exposure Assessment for the Current Review ....................... 1-10
1.3.1 Species of Nitrogen Included in Analyses..........cccceeviieiiiniiiiiiinieiiieiiee 1-10
1.3.2  Species of Sulfur Included in the ANalyses ..........ccceecveeiieriienieeiienieeie e, 1-12
1.3.3 Overview of Nitrogen- and Sulfur-related Ecological Effects ....................... 1-13
1.4 Policy Relevant QUESTIONS ........cccueviiriiriiriiiiiniiieeiteeetee ettt 1-17
L5 RETEIENCES ..ottt ettt 1-20
2. Overview of Risk and EXposure ASSESSIMENL .........cceeercueeerieeriieeniieenieeeitieesneeesneeseneesseeens 2-1
B B 013 (016 18 o1 10 s FO SRS 2-1
2.2 Seven-Step APPIOACKH........ociiiiiiiiiiee et 2-4
2.3 ECOSYSIEIM SETVICES ..vveeruvieenvrierrieenirieeniteestteesseeensseesseeessseesssseesasseesseesssseesnsseesnseeennsees 2-5
2.3.1 Aquatic ACIAIfICAtION.......eciiiieciieeie ettt e 2-9
2.3.2  Terrestrial ACIdifICAtION........cocueiiiiiiriiiiieieeeeeeeee e 2-9
2.3.3 Aquatic Nutrient Enrichment..........c.cccocveeiiiiiiiieiiieeecce e 2-9
2.3.4 Terrestrial Nutrient Enrichment............cccccoviiiiiiiiiiiciiceeceeeee e 2-9
2.3.5 Sulfur and Mercury Methylation .............cccoevieriieiieniieeiieeceeeeee e 2-10
B S B 1 1<) 4 1111 PSP 2-13
2.5 REICIENCES ... .viiieiii et e et et e e e e e e aa e e saree e 2-14
3. Sources, Ambient Concentrations, and DepOSItion ............cccecveeeireriienieeiiienieeieeieeeie e 3-1
3.1 SCIENCE OVETVIEW ..euiiiiiiiiiiieiie ettt ettt ettt e sttt e bttt e b e s it et et e sateenbeennee 3-1
3.1.1 Sources of Nitrogen and Sulfur...........c..coceoiriiiiiiininineeeee 3-1
Bl Lil NOK ettt ettt 3-1
T N 0 ) = XSSP 3-3
Bl 13 SOy ittt ettt 3-4
3.1.2 Ambient Concentrations and Policy-Relevant Background ............................. 3-7
3.1.3 Non-ambient Loadings of Nitrogen and Sulfur.............ccccceevevieiviiencieenieeennee. 3-7
3 1.4 DEPOSIEION ..c.eieuiieiieeiiieiie ettt ettt et e et e eabe e bt e eaaeebeesseeenbeenseeeseesnseenseesssesnsean 3-8
T T B A\ f U5 005 § PR SUSUUSRPRRRN 3-8
3142 SUIUL ..ottt 3-11
3.2 DIALASEES ..ottt ettt ettt et naee 3-12
3.2.1 Spatial and Temporal Characterization of Concentrations and Deposition
fOr Case StUAY ATCAS ......eeueeruiriiriiiierieeeet ettt 3-13
3.2.1.1 Purpose and Intent............ccoevviieiiiiiiiiieiiiieiee e 3-13
3.2.1.2 Data and ToolS ...cc.eeriiiiiiieiie e 3-14

DRAFT il August 2008



Table of Contents

3.2.1.3  Analytical TeChNIQUES ........cccvereiieriieriieiieieeie e 3-17
3.2.1.4 Results and FINAINGS ........cceoveiiiriiiiiiieciie et 3-20
3.2.1.5  UNCEITAINLY ...coiuiieiiieiieetieeiie ettt ettt ettt e saeesnre et e saeeens 3-54
3.2.2 Contributions of Emissions of NOy and NHj3 to Deposition of Nitrogen ....... 3-54
3.2.2.1 Purpose and INtent............cceeveiieriiiiiiieiiie e 3-54
3.2.2.2 Data and TOOIS ...cceeviiiiiiiieeiieiieeee e 3-55
3.2.2.3 Analytical TEChNIQUES ........ccovuiiiiiieiiiieciie e 3-57
3.2.2.4 Results and FINAINGS .......cceeriiiiiiiiiiiiieee e 3-69
3.2.2.5  UNCEITAINLY ...ceotietieeiieeieeiteeiie ettt et et e siaeeteeteeseaeebeesaeesaseeneaas 3-112
R I B G 155 (=) 1 1oLl TSP RRR 3-113
N U U 1oz 15 o) s USSP 4-1
5. Nutrient ENTiChmMEnt..........ccooiiiiiiiiiiiieie ettt et nee 5-1
AN e U a o) o b B 2 i 1S £ PSPPSR 6-1
6.1 Sulfur and Mercury Methylation ............cccoeeeiiiiiiiiiiiecie e 6-1
6.1.1 Science Background..............occieriiiiiiiiiiiiieitee s 6-1
6.1.2  QUualitatiVe ANALYSIS....c.ueeiiiieiiieeeiie ettt et et e e e e e ereeeaaeas 6-3
6.1.2.1 Watershed Influences..........cccccveeeviieeiiiicieeeeee e 6-6
6.1.2.2  CONCIUSIONS......uieiiieiiieiieeiie et eiie ettt ettt e sae e eeeeeeveeseeseaeenseenes 6-6
6.2 Nitrous OXide (N2O) ..ouuiiiiiiieiie ettt ee e st e et ee s taeesseeesseeesaeennneas 6-10
6.2.1  SCIENCE OVEIVIEW ....veiiiiieeiiiiiciiieeiieeeieeeeiee e veeestseestaeeeresesaseeesaeesseeesaseeenns 6-10
6.2.2  Qualitative ANALYSIS.....ccceevviieiieiiieiiieieeeie ettt ettt e eaaeebeeseeseseenne 6-13
6.3 Carbon SEqUESITATION ......cccvviiiiieeiiie ettt eeteeeeiteeeete e e teeesreeesaaeesaaeessseeesseesssaeessseeensns 6-13
6.3.1 Terrestrial ECOSYStEMS .....ccuuiiiiiiiiiiiieiieiie et 6-13
6.3. 1.1 FOTESES c.uuiieeiiiieiiie ettt ettt e n 6-14
6.3.1.2  ATCtic TUNAIA.....cooiiiieiiieeiie et e 6-17
6.3.1.3  Grasslands.........ccccoevieiiiiiiieiie e 6-18
6.3.2  AQUAatiC ECOSYSEIMS .....ccuviiiiiiiiiiieiieeie ettt ettt ees 6-19
6.3.2.1  WElands ..cc.eeiiiiiieiieeeeee e 6-19
6.3.2.2 Freshwater Aquatic ECOSYStemS ..........ccceveiviiniininiiinicicnieneene 6-20
R I NG £S5 (<) 1 Lo OSSPSR 6-22
7. Synthesis and Integration of Case Study Results to Influence the Standard Setting
PrOCESS ettt e e e e ettt e e e e e e et at e e e e e e e e nnrataaaeeeeannnraraaaeens 7-1
8. Considerations in the Structure of the NOL/SOy Secondary Standard(s)..........cceeevvereeerveennen. 8-1
9. Analyses for Second Draft Risk ASSESSMENt.........cccceeeriiiiiiiieiiiieriie e 9-1

Attachment 1 — Working Outline

Attachment 2 — National Sensitive Areas Analysis

Attachment 3 — Aquatic Acidification Case Study

Attachment 4 — Terrestrial Acidification Case Study
Attachment 5 — Aquatic Nutrient Enrichment Case Study
Attachment 6 — Terrestrial Nutrient Enrichment Case Study

DRAFT v

August 2008



Table of Contents

Figure 1.3-2
Figure 1.3-3
Figure 1.4-1

Figure 2.3-1

Figure 2.3-2
Figure 3.1-1
Figure 3.1-2
Figure 3.1-3
Figure 3.1-4
Figure 3.1-5
Figure 3.1-6
Figure 3.1-7

Figure 3.1-8
Figure 3.1-9
Figure 3.2-1
Figure 3.2-2
Figure 3.2-3
Figure 3.2-4
Figure 3.2-5
Figure 3.2-6
Figure 3.2-7
Figure 3.2-8

Figure 3.2-9

LIST OF FIGURES
Schematic diagram of the cycle of sulfur species in the atmosphere. ............... 1-13
Nitrogen and sulfur cycling and interactions in the environment...................... 1-16
Possible structure of a secondary NAAQS for NOy and SOy based on an
€C010gICAl INAICALOT. ... .eeeviieeiie ettt st e e e eees 1-19
Millennium ecosystem assessment categorization of ecosystem services
and their links to human wWell-being.............cccoeviiiiiiiiniiiiiieeeeee e, 2-6
Pathway from nitrogen deposition to valuation for an aquatic system................ 2-8
Annual NOy emissions by state for 2002..........ccceevieriiiiieniieiieieeeeeee e 3-2
The distribution of NOy emissions across major source categories in 2002........ 3-3
Annual emissions of NH3 by state during 2002...........cccevevienirienienenienennn 3-4
Annual SO, emissions in 2006 for acid rain program cooperating facilities....... 3-5
The distribution of SO, emissions across major source categories in 2002......... 3-6
Total wet and dry nitrogen deposition in the United States in 2002.................... 3-9
Total wet and dry oxidized nitrogen deposition in the United States in
2002ttt ettt et h e et e ehe et e enee bt et e eneenbeeneenteas 3-10
Total wet and dry reduced nitrogen deposition in the United States in
2002ttt b e st bt et e a ettt e nae et e ene et 3-11
Total wet and dry sulfur deposition in the United States in 2002...................... 3-12
CMAQ 12-km eastern and western modeling domains. ............cccceeveeecieeneennee. 3-15
Case study areas in the eastern United States. .........cccoeeveeviiieiniiieeniieeniieerieeens 3-19
Adirondacks Case Study AT€a. .......ccocveieiiiiiiiieeiie e 3-22
Contribution to annual total 2002 modeled deposition for the Adirondack
CaSE StUAY ATCA......eeiuiieiiie ettt e et ee et e eare e e teeeenbeeesareesnaeennseeenns 3-24
Contribution from wet/dry reduced and oxidized nitrogen to modeled 2002
annual total nitrogen deposition in the Adirondack Case Study Area. .............. 3-25
Modeled 2002 annual total nitrogen deposition across the Adirondack
CaSE StUAY ATCA.....cueiiiiiiiiieiietect ettt sttt st 3-26
Modeled 2002 annual wet deposition of nitrogen across the Adirondack
CaSE StUAY ATCA......eeeuiieiiieeeiieeie ettt ettt ete e et e st eeetaeessseeesaseeesaeesaseeenns 3-27
Modeled 2002 annual dry deposition of nitrogen across the Adirondack
CaSE STUAY ATCA...cuiiiiiiiieeiieieeeie ettt ettt et ete e bee s e ebeeseessaeebeesseessseenseas 3-28
Modeled 2002 annual total nitrogen deposition across the Northeast. .............. 3-29

Figure 3.2-10aModeled 2002 annual wet oxidized nitrogen deposition across the

Adirondack Case StUAY AT@a..........covuiieiiieiiiieeiie ettt eaee e 3-30

Figure 3.2-10bModeled 2002 annual dry oxidized nitrogen deposition across the

Adirondack Case Study AT€a.........ccccuiiviieriiiiiieiiesie ettt 3-31

Figure 3.2-10c Modeled 2002 annual wet reduced nitrogen deposition across the

Adirondack Case Study ATCa.......c.ccevuiriiriieiiniiiinienieeeneeeee e 3-32

Figure 3.2-10dModeled 2002 annual dry reduced nitrogen deposition across the

Adirondack Case StUAY AT@a..........ceecuieeiiieeiiieeiie ettt eiee e eree e eeeesaee e 3-33

Figure 3.2-11 Percent of annual total nitrogen deposition by season for the Adirondack

Region, based on 2002 CMAQ modeling..........cccccvevieerienieniieienie e 3-34

Figure 3.2-12 Percent of annual precipitation and reduced nitrogen deposition by quarter

for the Adirondack Region, based on 2002 CMAQ modeling. ...........coccevueneee 3-35

DRAFT

\ August 2008



Table of Contents

Figure 3.2-13
Figure 3.2-14
Figure 3.2-15
Figure 3.2-16
Figure 3.2-17
Figure 3.2-18
Figure 3.2-19
Figure 3.2-20

Figure 3.2-21
Figure 3.2-22

Figure 3.2-23
Figure 3.2-24

Figure 3.2-25
Figure 3.2-26

Figure 3.2-27
Figure 3.2-28
Figure 3.2-29
Figure 3.2-30

Figure 3.2-31
Figure 3.2-32
Figure 3.2-33
Figure 3.2-34
Figure 3.2-35
Figure 3.2-36
Figure 3.2-37
Figure 3.2-38
Figure 3.2-39
Figure 3.2-40

Percent of annual precipitation and oxidized nitrogen deposition by

quarter for the Adirondack Region, based on 2002 CMAQ modeling. ............. 3-35
Percent of 2002 annual precipitation and oxidized nitrogen deposition by

month for the Adirondack Region, based on 2002 CMAQ modeling. .............. 3-36
Percent of 2002 annual precipitation and reduced nitrogen deposition by

month for the Adirondack Region, based on 2002 CMAQ modeling. .............. 3-36
Percent by month of 2002 annual wet oxidized nitrogen deposition for

selected sites in the Adirondack Case Study Area..........ccccueeeeuveeereeeeveenneeennne. 3-38
Percent by month of 2002 annual wet reduced nitrogen deposition for

selected sites in the Adirondack Case Study Area.........ccccceeeeeuveenieeenveennreenne. 3-39
Percent by month of 2002 annual dry oxidized nitrogen deposition for

selected sites in the Adirondack Case Study Area...........ccocveviievieeciienieeieenen. 3-41
Percent by month of 2002 annual dry reduced nitrogen deposition for

selected sites in the Adirondack Case Study Area.........ccccoeceeviviininnicniencnnene 3-42
Percentages by component of 2002 annual sulfur deposition for the

Adirondack REGION. .......cooviiiiiiiciieccee e e 3-43
Contribution to 2002 modeled annual total sulfur deposition. ......................... 3-44
Modeled 2002 annual total sulfur deposition across the Adirondack Case

SUAY ATCA. ..eviieeiieeiee e e e e e e e aa e e earee s 3-45
Modeled 2002 annual wet sulfur deposition across the Adirondack Case

SUAY ATCA. .eveieiieeie ettt et e e e et e e e raeeenaee s 3-46
Modeled 2002 annual dry sulfur deposition across the Adirondack Case

STUAY ATCA. .viieiiiiiieiieeie ettt ettt sttt e esbe e bt e ssbeenbeesaaeesbeensaesnnaans 3-47
Modeled 2002 annual total sulfur deposition across the Northeast. .................. 3-48
Percent of annual total sulfur deposition by season for the Adirondack

Region, based on 2002 CMAQ modeling. ...........ceccveevvieriienieeiieiecie e 3-49
Percent of annual precipitation and wet and dry sulfur deposition by

quarter for the Adirondack Region, based on 2002 CMAQ modeling. ............. 3-49
Percent of 2002 annual precipitation and sulfur deposition by month for

the Adirondack Region, based on 2002 CMAQ modeling. ...........ccceevevvrennnenns 3-50
Percent by month of 2002 annual wet sulfur deposition for selected sites in

the Adirondack Case Study Area. .........cccoecieriiiriiiiiienieeieeeeeee e 3-52
Percent by month of 2002 annual dry sulfur deposition for selected sites in

the Adirondack Case Study AT€a. .......cccevueriiririiiniiienieeetese e 3-53
CMAQ 36 km grids in Neuse River Case Study Area. .......cccceevveecvieniennennnen. 3-58
CMAQ 36-km grids in Potomac Case Study Area. ........ccccceeevvveeerveeecieeenneeenne, 3-59
CMAQ 36-km grids in Shenandoah Case Study Area..........ccccoecvevviienienieeicnne 3-59
CMAQ 36-km grids in Adirondack Case Study Area. ........cccceevveevivereeereennnnns 3-60
CMAQ 36-km grids in Red Spruce Case Study Area........cccceevveeeeveeecreeenreenne. 3-60
CMAQ 36-km grids in Sugar Maple Case Study Area..........cccoeeveviieniennennen. 3-61
CMAQ 36-km grids in Coastal Sage Case Study Area. ........ccceevveeeeveerveeennnen. 3-61
CMAQ 36-km grids in Estuaries Case Study Area. .......ccceevveeecvieenieeereeennen. 3-62

Percent impact of zero-out of NOy emissions on total nitrogen deposition....... 3-63
Percent impact of zero-out of NOy emissions on oxidized nitrogen
AEPOSTEION. ...eeeeiieeiiie ettt et e et e et e e tae e s b e e etaeesabeeessseeesaeesnseeesseeennns 3-64

DRAFT

vi August 2008



Table of Contents

Figure 3.2-41

Percent impact of zero-out of NOy emissions on reduced nitrogen

14157 010 LSy 15 [ ) 4 TSP RR 3-65
Figure 3.2-42 Percent impact of zero-out of NH3z emissions on total nitrogen deposition....... 3-66
Figure 3.2-43 Percent impact of zero-out of NH3 emissions on reduced nitrogen................... 3-67
Figure 3.2-44 Percent impact of zero-out of NH3 emissions on oxidized nitrogen

AEPOSTEION. ...ttt et ettt ettt et e et e eateenbeenbeeenaeenseeneeas 3-68
Figure 3.2-45 Percent impact of NOy anthropogenic United States emissions zero-out on

total nitrogen deposition in the Sugar Maple Case Study Area. ...........cccuue...e. 3-73
Figure 3.2-46 Percent impact of NH3 anthropogenic United States emissions zero-out on

total nitrogen deposition in the Sugar Maple Case Study Area..........ccveenneee 3-74
Figure 3.2-47 Percent impact of NOy anthropogenic United States emissions zero-out on

oxidized nitrogen deposition in the Sugar Maple Case Study Area. ................. 3-75
Figure 3.2-48 Percent impact of NHj3 anthropogenic United States emissions zero-out on

reduced nitrogen deposition in the Sugar Maple Case Study Area. .................. 3-76
Figure 3.2-49 Percent impact of NOyx anthropogenic United States emissions zero-out on

total nitrogen deposition in the Red Spruce Case Study Area. ..........ccccvveneee. 3-78
Figure 3.2-50 Percent impact of NH3 anthropogenic United States emissions zero-out on

total nitrogen deposition in the Red Spruce Case Study Area.........cccccevveeneee. 3-79
Figure 3.2-51 Percent impact of NOy anthropogenic United States emissions zero-out on

oxidized nitrogen deposition in the Red Spruce Case Study Area. ................... 3-80
Figure 3.2-52 Percent impact of NH3 anthropogenic United States emissions zero-out on

reduced nitrogen deposition in the Red Spruce Case Study Area. .................... 3-81
Figure 3.2-53 Percent impact of NOy anthropogenic United States emissions zero-out on

total nitrogen deposition in the Adirondacks Case Study Area. .........cccvvenee.. 3-83
Figure 3.2-54 Percent impact of NH3 anthropogenic United States emissions zero-out on

total nitrogen deposition in the Adirondacks Case Study Area. .........cccceeneeneee. 3-84
Figure 3.2-55 Percent impact of NOy anthropogenic United States emissions zero-out on

oxidized nitrogen deposition in the Adirondacks Case Study Area. ................. 3-85
Figure 3.2-56 Percent impact of NH3 anthropogenic United States emissions zero-out on

reduced nitrogen deposition in the Adirondacks Case Study Area.................... 3-86
Figure 3.2-57 Percent impact of NOy anthropogenic United States emissions zero-out on

total nitrogen deposition in the Potomac Case Study Area........c.cccoceeveervenennn. 3-88
Figure 3.2-58 Percent impact of NH;3 anthropogenic United States emissions zero-out on

total nitrogen deposition in the Potomac Case Study Area........c..ccoceevuervenuennne. 3-89
Figure 3.2-59 Percent impact of NOyx anthropogenic United States emissions zero-out on

oxidized nitrogen deposition in the Potomac Case Study Area......................... 3-90
Figure 3.2-60 Percent impact of NH3 anthropogenic United States emissions zero-out on

reduced nitrogen deposition in the Potomac Case Study Area. .........cccccueeenneee. 3-91
Figure 3.2-61 Percent impact of NOy anthropogenic United States emissions zero-out on

total nitrogen deposition in the Shenandoah Case Study Area. .........c.cccoueeuenee. 3-93
Figure 3.2-62 Percent impact of NH3 anthropogenic United States emissions zero-out on

total nitrogen deposition in the Shenandoah Case Study Area...........cccuveennee.. 3-94
Figure 3.2-63 Percent impact of NOyx anthropogenic United States emissions zero-out on

oxidized nitrogen deposition in the Shenandoah Case Study Area. .................. 3-95
Figure 3.2-64 Percent impact of NH3; Anthropogenic United States emissions zero-out on

reduced nitrogen deposition in the Shenandoah Case Study Area. ................... 3-96
DRAFT vii August 2008



Table of Contents

Figure 3.2-65 Percent impact of NOy anthropogenic United States emissions zero-out on

total nitrogen deposition in the Neuse Case Study Area.........ccocveevevveeecreeennenn. 3-98
Figure 3.2-66 Percent impact of NH3 anthropogenic United States emissions zero-out on

total nitrogen deposition in the Neuse Case Study Area.........coccveeveveenieennnenn. 3-99
Figure 3.2-67 Percent impact of NOyx anthropogenic United States emissions zero-out on

oxidized nitrogen deposition in the Neuse Case Study Area........c.cccoceevuenee 3-100
Figure 3.2-68 Percent Impact of NH; Anthropogenic United States Emissions Zero-out

on Reduced Nitrogen Deposition in the Neuse Case Study Area.................... 3-101
Figure 3.2-69 Percent impact of NOx Anthropogenic United States emissions zero-out on

total nitrogen deposition in the Coastal Sage Case Study Area....................... 3-103
Figure 3.2-70 Percent impact of NH3 anthropogenic United States emissions zero-out on

total nitrogen deposition in the Coastal Sage Case Study Area..........cccuene. 3-104
Figure 3.2-71 Percent impact of NOy anthropogenic United States emissions zero-out on

oxidized nitrogen deposition in the Coastal Sage Case Study Area. ............... 3-105
Figure 3.2-72 Percent impact of NOyx anthropogenic United States emissions zero-out on

oxidized nitrogen deposition in the Coastal Sage Case Study Area. ............... 3-106
Figure 3.2-73 Percent impact of NOy anthropogenic United States emissions zero-out on

total nitrogen deposition in the Estuaries Case Study Area..........ccccveeeuveennnee. 3-108
Figure 3.2-74 Percent impact of NHj3 anthropogenic United States emissions zero-out on

total nitrogen deposition in the Estuaries Case Study Area...........ccccevereuenncee 3-109
Figure 3.2-75 Percent impact of NOy anthropogenic United States emissions zero-out on

oxidized nitrogen deposition in the Estuaries Case Study Area. ..........cc.c....... 3-110
Figure 3.2-76 Percent Impact of NH3 anthropogenic United States emissions zero-out on

reduced nitrogen deposition in the Estuaries Case Study Area. ...................... 3-111
Figure 6.1-1 The mercury cycle in an €COSYStEM ........cceevuirieriieiirierienieneeteseeie et 6-3
Figure 6.1-2 Biogeochemical process of mercury methylation..............ccoeevvevieiiienieniienenne. 6-5
Figure 6.1-3  Preliminary USGS map of mercury methylation-sensitive watersheds,

derived from more than 55,000 water-quality sites and 2,500 watershed ........... 6-7
Figure 6.1-4  Spatial and biogeochemical factors influencing methylmercury

01 L0 16 18 o180 s RSP 6-9
Figure 6.2-1 Percent of total U.S. emissions of greenhouse gases in CO, equivalents.......... 6-11
Figure 6.3-1 Interactions between the carbon and nitrogen cycles. .........ccccevvvievieniieiiiennnens 6-15
Figure 6.3-2 Nitrogen cycle in a freshwater ecosystem showing links to the

phosphorous and carbon CyCIes. ..........cceeiiiiiiiiiiiiiiieeee e 6-21

LIST OF TABLES

Table 2.1-1  Summary of Sensitive Characteristics, Indicators, Effects, and Ecosystem
Services Impacted for Each Case Study Evaluated in This Review.................... 2-2
Table 2.3-1  Ecological Impacts Associated with Acidification, Nutrient Enrichment,
and Increased Mercury Methylation and Their Associated Ecosystem

SEIVICES ..ttt ettt sttt sttt ettt ettt 2-11
Table 3.2-1 CMAQ Nitrogen and Sulfur Deposition SPECIes........ccceevvvviercrieerieenrireenieeennne 3-16
Table 3.2-2  Formulas for Calculating Nitrogen and Sulfur Deposition............c.cccceveeuenee. 3-16

DRAFT viii August 2008



Key Terms

ACRONYMS AND ABBREVIATIONS

ADR Adirondack Mountains of New York
ANC acid neutralizing capacity

AQCD Air Quality Criteria Document

CAA Clean Air Act

CAFO confined animal feeding operation

CAIR Clean Air Interstate Rule

CASAC Clean Air Scientific Advisory Committee
CASTNet Clean Air Status and Trends Network
CH,4 methane

CMAQ Community Multiscale Air Quality model.
CO, carbon dioxide

CSS coastal sage scrub

DIN dissolved inorganic nitrogen

DOI U.S. Department of Interior

EGU Electric Generating Units

EPA U.S. Environmental Protection Agency
FIA Forest Inventory and Analysis National Program
GHG greenhouse gases

GIS geographic information systems

GPP gross primary productivity

H,O water vapor
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Key Terms

NADP National Atmospheric Deposition Program
NAPAP National Acid Precipitation Assessment Program
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NO nitric oxide
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NOy, total oxidized nitrogen

NPP net primary productivity

NRC National Research Council
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ppm parts per million
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REA Risk and Exposure Assessment
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SFq sulfur hexafluoride

SO sulfur monoxide

SO, sulfur dioxide

SO; sulfur trioxide

SOq4 wet sulfate

SOM soil organic matter

SOy sulfur oxides

SRB sulfate-reducing bacteria

TP total phosphorus

USGS U.S. Geological Survey

VOC volatile organic carbon

ug/m’ micrograms per cubic meter
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Acidification: The process of increasing the acidity of a system (e.g., lake, stream, forest soil).
Atmospheric deposition of acidic or acidifying compounds can acidify lakes, streams,

and forest soils.

Adverse Effect: The response or component of an ecosystem that is deemed harmful in its

function.

Air Quality Indicator: The substance or set of substances (e.g., PMa s, NO,, SO,) occurring in
the ambient air for which the National Ambient Air Quality Standards set a standard level

and monitoring occurs.

Alpine: The biogeographic zone made up of slopes above the tree line, characterized by the
presence of rosette-forming herbaceous plants and low, shrubby, slow-growing woody

plants.

Acid Neutralizing Capacity: A key indicator of the ability of water to neutralize the acid or
acidifying inputs it receives. This ability depends largely on associated biogeophysical
characteristics, such as underlying geology, base cation concentrations, and weathering

rates.

Arid Region: A land region of low rainfall, where “low” is widely accepted to be less than

250 mm precipitation per year.

Assessment Endpoint: An ecological entity and its attributes that are considered welfare effects,

as defined in Clean Air Act Section 302(h), and that are analyzed in the assessment.

Base Cation Saturation: The degree to which soil cation exchange sites are occupied with base
cations (e.g., Ca*", Mg*", K) as opposed to AI’" and H'. Base cation saturation is a
measure of soil acidification, with lower values being more acidic. There is a threshold
whereby soils with base saturations less than 20% (especially between 10%-20%) are

extremely sensitive to change.
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Biologically Relevant Indicator: A physical, chemical, or biological entity/feature that
demonstrates a consistent degree of response to a given level of stressor exposure and
that is easily measured/quantified to make it a useful predictor of biological,

environmental, or ecological risk.

Critical Load: A quantitative estimate of an exposure to one or more pollutants, below which
significant harmful effects on specified sensitive elements of the environment do not

occur, according to present knowledge.

Denitrification: The anaerobic reduction of oxidized nitrogen (e.g., nitrate or nitrite) to gaseous

nitrogen (e.g., N>O or N;) by denitrifying bacteria.

Dry Deposition: The removal of gases and particles from the atmosphere to surfaces in the

absence of precipitation (e.g., rain, snow) or occult deposition (e.g., fog).

Ecological Dose: The concentration of a toxicant that inhibits a microbe-mediated ecological

process by a designated percentage; for example, ED50 inhibits 50%.
Ecological Exposure: The exposure of a nonhuman organism to an environmental stressor.

Ecological Risk: The likelihood that adverse ecological effects may occur or are occurring as a

result of exposure to one or more stressors (U.S. EPA, 1992).

Ecological Risk Assessment: A process that evaluates the likelihood that adverse ecological
effects may occur or are occurring as a result of exposure to one or more stressors (U.S.

EPA, 1992).

Ecosystem: The interactive system formed from all living organisms and their abiotic (i.e.,
physical and chemical) environment within a given area. Ecosystems cover a hierarchy of
spatial scales and can comprise the entire globe, hiomes at the continental scale, or small,

well-circumscribed systems such as a small pond.

Ecosystem Benefit: The value, expressed qualitatively, quantitatively, and/or in economic terms,
where possible, associated with changes in ecosystem services that result either directly

or indirectly in improved human health and/or welfare. Examples of ecosystem benefits
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that derive from improved air quality include improvements in habitats for sport fish

species, the quality of drinking water and recreational areas, and visibility.
Ecosystem Function: The processes and interactions that operate within an ecosystem.

Ecosystem Services: The ecological processes or functions having monetary or non-monetary
value to individuals or society at large. These are (1) supporting services, such as
productivity or biodiversity maintenance; (2) provisioning services, such as food, fiber, or
fish; (3) regulating services, such as climate regulation or carbon sequestration; and (4)

cultural services, such as tourism or spiritual and aesthetic appreciation.

Elasticity: The percentage of change in the response variable for a 1% change in the input

physical or meteorological characteristic.

Eutrophication: The process by which nitrogen additions stimulate the growth of autotrophic

biota, usually resulting in the depletion of dissolved oxygen.

Greenhouse Gas: Those gaseous constituents of the atmosphere, both natural and
anthropogenic, that absorb and emit radiation at specific wavelengths within the spectrum
of infrared radiation emitted by the earth’s surface, the atmosphere, and clouds. This
property causes the greenhouse effect. Water vapor (H,O), carbon dioxide (CO,), nitrous
oxide (N,0O), methane (CHy), and ozone (O;) are the primary greenhouse gases in the
earth’s atmosphere. In addition to CO,, N,O, and CHy, the Kyoto Protocol deals with the
greenhouse gases sulfur hexafluoride (SFs), hydrofluorocarbons (HFCs), and

perfluorocarbons (PFCs).
Key Elements of a Secondary National Ambient Air Quality Standard
(a) Indicator

(1) Atmospheric indicator (for a secondary NAAQS): The air pollutant(s) whose
concentration(s) in the ambient air is (are) measured for purposes of determining
compliance with the standard. This indicator may either be the actual criteria air pollutant
listed in the Clean Air Act or an appropriate surrogate. For example, NO, is the current

indicator for the primary and secondary NOx NAAQS and represents all oxides of
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nitrogen, while the current indicator for the primary and secondary SOx NAAQS is SO,,

representing all oxides of sulfur.

(2) Ecological Indicator: A characteristic of an ecosystem that can provide quantitative
information on its ecological condition. An indicator can be or contribute to a measure of
integrity and sustainability. For example, one indicator of increasing acidification effects
in an aquatic ecosystem is a decrease in acid neutralizing capacity (ANC). As a result, a
reduction in ANC can lead to acidification of stream water and thereby changes to fish

community structure, a good indicator of overall stream health.

(b) Level (of a secondary NAAQS): The specified value of the indicator or metric (see
definition below) that is judged requisite to protect the public welfare from any known or
anticipated adverse effects associated with the presence of the criteria pollutant in
ambient air. The current level of the secondary NO, NAAQS indicator is 0.053 ppm
(same as primary). The current level of the secondary SO, NAAQS indicator is 0.5 ppm.
The level of the W126 metric proposed in the 2007 O3 Secondary NAAQS proposal was
21 ppm-hrs.

(c) Averaging Time (for a secondary NAAQS): The period of time over which
exposure to metric values at or above the level of the standard is considered relevant.
Over that time period, concentrations are averaged or cumulated to determine whether the
level of the standard has been met. Examples include 3-hour, 8-hour, 24-hour, seasonal,
or annual averages. The current averaging time for the secondary NO, NAAQS is a year.

The current averaging time for the secondary SO, NAAQS is 3 hours.

(d) Form (of a secondary NAAQS): The statistical characteristics of a standard that
determine the stringency, stability, and robustness of that standard when implemented.
For example, the current secondary O; standard is set at the level of 0.075 ppm averaged
over an 8-hour period. To attain this standard, however, only the 3-year average of the
fourth highest daily maximum (rather than the maximum itself) 8-hour average Os
concentrations measured at each monitor within an area over each year is compared to the

level of the standard and must not exceed 0.075 ppm. The current form of the secondary
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NO,; NAAQS is the annual arithmetic mean. The current form of the secondary SO,

NAAQS is not to be exceeded more than once per year.

Nitrogen Enrichment: The process by which a terrestrial system becomes enhanced by nutrient
additions to a degree that stimulates the growth of plant or other terrestrial biota, usually

resulting in an increase in productivity.

Nitrogen Saturation: The point at which nitrogen inputs from atmospheric deposition and other
sources exceed the biological requirements of the ecosystem; a level beyond nitrogen

enrichment.

Occult Deposition: The removal of gases and particles from the atmosphere to surfaces by fog

or mist.

Semi-arid Regions: Regions of moderately low rainfall, which are not highly productive and are
usually classified as rangelands. “Moderately low” is widely accepted as between 100-

and 250-mm precipitation per year.

Sensitivity: The degree to which a system is affected, either adversely or beneficially, by an
effect of NOy and/or SOy pollution (e.g., acidification, nutrient enrichment). The effect
may be direct (e.g., a change in growth in response to a change in the mean, range, or
variability of nitrogen deposition) or indirect (e.g., changes in growth due to the direct
effect of nitrogen consequently altering competitive dynamics between species and

decreased biodiversity).

Target Load: A policy-based metric that takes into consideration such factors as economic costs
and time frame for emissions reduction. This can be lower than the critical load if a very
sensitive area is to be protected in the short term, especially if deposition rates exceed

critical loads.

Total Reactive Nitrogen: This includes all biologically, chemically, and radiatively active
nitrogen compounds in the atmosphere and biosphere, such as NHj3, NH,", NO, NO,,

HNO;, N>O, NOs ', and organic compounds (e.g., urea, amines, nucleic acids).
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Valuation: The economic or non-economic process of determining either the value of
maintaining a given ecosystem type, state, or condition, or the value of a change in an

ecosystem, its components, or the services it provides.

Variable Factors: Influences which by themselves or in combination with other factors may

alter the effects on public welfare of an air pollutant (section 108 (a)(2))

(a) Atmospheric Factors: Atmospheric conditions that may influence transformation,
conversion, transport, and deposition, and thereby, the effects of an air pollutant on
public welfare, such as precipitation, relative humidity, oxidation state, and co-pollutants

present in the atmosphere.

(b) Ecological Factors: Ecological conditions that may influence the effects of an air
pollutant on public welfare once it is introduced into an ecosystem, such as soil base
saturation, soil thickness, runoff rate, land use conditions, bedrock geology, and

weathering rates.

Vulnerability: The degree to which a system is susceptible to, and unable to cope with, the

adverse effects of NOy and/or SOy air pollution.

Welfare Effects: The effects on soils, water, crops, vegetation, man-made materials, animals,
wildlife, weather, visibility, and climate; as well as damage to and deterioration of
property, hazards to transportation, and the effects on economic values and on personal
comfort and well-being, whether caused by transformation, conversion, or combination

with other air pollutants (Clean Air Act Section 302[h]).

Wet Deposition: The removal of gases and particles from the atmosphere to surfaces by rain or

other precipitation.
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Chapter 1 — Introduction

1. INTRODUCTION

1.1 RATIONALE AND BACKGROUND FOR JOINT REVIEW

The U.S. Environmental Protection Agency (EPA) is conducting a joint review of the
existing secondary (welfare-based) National Ambient Air Quality Standards (NAAQS) for
nitrogen oxides (NOy) and sulfur oxides (SOx), which are currently defined in terms of nitrogen
dioxide (NO,) and sulfur dioxide (SO,), respectively.! Sections 108 and 109 of the Clean Air Act
(CAA or the Act) govern the establishment and periodic review of the NAAQS and of the air
quality criteria upon which the standards are based. The NAAQS are established for pollutants
that may reasonably be anticipated to endanger public health or welfare and whose presence in
the ambient air results from numerous or diverse mobile or stationary sources. The NAAQS are
based on air quality criteria that reflect the latest scientific knowledge, useful in indicating the
kind and extent of identifiable effects on public health or welfare that may be expected from the
presence of the pollutant in ambient air. Based on periodic reviews of the air quality criteria and
standards, EPA makes revisions to the criteria and standards and promulgates any new standards
as may be appropriate. The Act also requires that an independent scientific review committee
advise the Administrator as part of this NAAQS review process, a function now performed by
the Clean Air Scientific Advisory Committee (CASAC).

In conducting this periodic review of the NO, and SO, secondary NAAQS, EPA has
decided to jointly assess the scientific information, associated risks, and standards relevant to
protecting the public welfare from adverse effects associated with NOy and SOx. As noted below
in Section 1.2, EPA has historically defined the NAAQS for these pollutants in terms of the
specific compounds NO, and SO,, which serve as the indicators of the broader set of compounds
that comprise NOy and SOy, respectively. The species of nitrogen and sulfur compounds and the
types of related ecological effects that are being considered within the scope of this review are
discussed below in Section 1.3. A joint review of these pollutants is being conducted because
NOx, SOy, and their associated transformation products are linked from an atmospheric
chemistry perspective, as well as from an environmental effects perspective, and because the
National Research Council (NRC) has recommended that EPA consider multiple pollutants, as

appropriate, in forming the scientific basis for the NAAQS (NRC, 2004). This is the first time

I EPA is also conducting separate reviews of the primary (health-based) NAAQS for NO, and SO,.
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Chapter 1 — Introduction

since NAAQS were established in 1971 that a joint review of these two pollutants has been
conducted. There is a strong basis for considering these pollutants together at this time, building
upon EPA’s and CASAC’s past recognition of the interactions of these pollutants and on the
growing body of scientific information that is now available related to these interactions and
associated ecological effects. A series of policy-relevant questions that help to frame this review
are presented below in Section 1.4, together with an overview of how secondary NAAQS for
NOy and SO might be structured to reflect the co